Stroke is the most common neurological disorder and genetic susceptibility has an important role in its etiology. Polymorphism in several genes such as lipoprotein lipase (LPL) is propounded as a risk for stroke. This meta-analysis investigated the association of rs285 and rs320 LPL polymorphism with stroke risk. Materials and Methods: We searched PubMed, Clarivate Analytics Web of Science, Google Scholar, and Science Direct databases for appropriate studies. The odds ratios (ORs) with 95% confidence intervals (CIs) were calculated to estimate the strength of this association. Also, the effects of four common polymorphisms (rs268, rs285, rs320, and rs328) on the molecular aspects of LPL were evaluated by in silico tools. Five studies were included in meta-analysis after screening. Results: Our data indicated that rs320 significantly decreased the risk of stroke (G vs .32-0.82). Moreover, a significant association between rs285 and diminution of stroke risk was seen (P-vs. P+: OR=0.72, 95%CI=0.58-0.91; P-P-vs. P+P+: OR=0.50, 95%CI=0.31-0.82; P+P-+P-P-vs. P+P+: OR=0.72, 95%CI=0.53-0.96; P-P-vs. P+P++P+P-: OR=0.581, 95%CI=0.369-0.916). Also, the same results were observed after stratifying, without any publication bias (P Egger >0.05). Furthermore, computational analysis revealed that rs268 and rs328 may affect the protein structure (prediction: non-neutral; score=19; expected accuracy=59%) while rs320 could affect the RNA structure (distance=0.2264, P-value=0.0534; P<0.2 is significant).
Introduction
Stroke is the main cause of permanent disability and death in adults worldwide, and is either ischemic (85%) or hemorrhagic (15%). Based on etiology ischemic stroke includes thrombotic or atherosclerotic (50%), small artery occlusion or lacunar stroke (25%), and cardioembolic (25%) (1) . Hemorrhagic stroke mostly results from rupture of blood vessels secondary to trauma or high blood pressure. Hypertension, obesity, atherosclerosis, cardiovascular diseases, diabetes, hypercholesterolemia, and smoking are the major risk factors for ischemic stroke (2) (3) (4) . Although lifestyle and diet are highly effective in stroke risk, the role of genetic susceptibility has been demonstrated properly. Polymorphisms in several genes such as PRKCH (OMIM: 605437), PITX2 (OMIM: 601542), ZFHX3 (OMIM: 104155), ALOX5AP (OMIM: 603700), HDAC9 (OMIM: 606543), ALDH2 (OMIM: 100650), NLRP3 (OMIM: 606416), MMP9 (OMIM: 120361), and LPL (OMIM: 609708) may be related to the risk of stroke (5) (6) (7) (8) (9) .
Lipoprotein lipase (LPL) hydrolyzes triglycerides in chylomicrons and very low-density lipoprotein (VLDL) into free fatty acids and the glycerol molecule. Abnormal activity of this enzyme is related to hyperlipidemia and atherosclerosis, and therefore can increase the risk of ischemia. The human LPL gene is located on the chromosome 8 (8p22) with a 35 kb length, which comprises 10 exons (10) . There are several variations in the coding and non-coding regions of this gene, some of which such as rs268, rs285, rs320, and rs328 are prevalent. The rs268 is located on exon 6 and results in an asparagine to serine substitution at codon 318 (Asn318Ser). The rs285 (PvuII) and rs320 (HindIII) polymorphisms are located on introns 6 and 8, respectively. The rs328 polymorphism, located on exon 9, leads to termination codon at 447 (Ser447Ter). A meta-analysis revealed that there is a significant protective association between Ser447Ter and risk of stroke whereas there is no significant association between Asn318Ser and stroke risk (11) . But, previous studies about the association of rs285 and rs320 polymorphisms with risk of stroke have limited sample sizes and inconclusive results. Therefore, in this study, we performed a meta-analysis with regard to the association of the two aforementioned polymorphisms with stroke risk that was followed by an in silico analysis.
In silico analysis
The coding sequence and amino acid sequence of the LPL gene (Accession No. NC_000008.11) were deduced from the NCBI database. The ExPASy server (http:// web.expasy.org/) was used for analysis of LPL amino acid sequence. The secondary structure of LPL was evaluated before and after Asn291Ser and Ser447Ter substitutions by Choue-Fasman, GOR, and neural network methods (http://cib.cf.ocha.ac.jp/bitool/ MIX/). The three-dimensional structure of the protein was obtained from the I-TASSER server and analyzed by Accelrys DS Visualizer 4.0 (Accelrys Company; http:// accelrys.com/ products/discovery-studio/visualization. php). The hydrophobic plots for the 291Asn and 291Ser phenotypes were evaluated using the Kyte and Doolittle scale (17) . Also, average flexibility plots of wild and mutant types of LPL were assessed using the Bhaskaran and Ponnuswamy scale (18) . The effect of Asn291Ser substitution on the function of LPL was assessed using PolyPhen-2 (http://genetics.bwh.harvard.edu/ pph2/) (19) and SNAP (Screening for Non-Acceptable Polymorphisms;
https://rostlab.org/services/snap/) web server (20) . In addition, Net Gene2 server (http:// www.cbs.dtu.dk/services/NetGene2/) (21) was applied for evaluating the effects of rs268, rs285, rs320, and rs328 polymorphisms on the splice site pattern of LPL. The effect of aforementioned SNPs on the RNA structure was evaluated using the RNAsnp online web server (http://rth.dk/ resources/rnasnp/) (22) .
Results

Meta-analysis
Study characteristics
According to described criteria in the methods, a total of 5 eligible articles (comprising 1160 controls and 1132 cases) for HindIII polymorphism and 2 article (comprising 363 controls and 362 cases) were included in the meta-analysis (10, (23) (24) (25) (26) . Flowchart of the study selection procedure is presented in Figure 1 . From 9 possibly proper articles, one study was excluded because the paper was not written in English. Three other studies were excluded because they were either meta-analysis or systematic review. The key features of included studies in the meta-analysis are summarized in Table 1 . Four of five articles were dedicated to the Chinese population and one of them had been studied in the Japanese population. Three studies were focused on hemorrhagic stroke and two studies were focused on ischemic stroke. The method of SNPs genotyping for all of the mentioned studies was PCR-RFLP ( Table 1) .
Association of LPL-HindIII and LPL-PvuII with stroke risk
The results of the meta-analysis about association of LPL-HindIII and stroke risk are summarized in Tables 2  and 3 . When meta-analysis was performed for all five pooled studies, we observed a significant protective association between LPL-HindIII and stroke risk in Variables n -(OR= 0.581, 95%CI= 0.369-0.916, P= 0.019). Even, after the adjusting of the P-values for multiple testing by the Benjamini-Hochberg false discovery rate method, both polymorphisms were still significantly associated with the stroke risk (Table 3) .
Heterogeneity, publication bias, and sensitivity analyses
In the total meta-analysis, we found no true heterogeneity in any of the five genetic models for HindIII polymorphism. Also after a variety of stratifications, we did not observe any true heterogeneity (P heterogeneity > 0.1, Table 4 ). In addition, there was no significant heterogeneity for PvuII polymorphism in any genetic models.
Funnel plot and Egger's test were used to measure the publication bias for the association of HindIII polymorphism and risk of stroke in the meta-analysis. Symmetrical shapes of funnel plot indicated lack of possible publication bias in the meta-analysis ( Figure 3 ). Lack of publication bias was established by Egger's test (Table 4) . Exceptionally, publication bias was detected in the G vs. T model within the hemorrhagic subgroup (P Egger = 0.045), TG+GG vs. TT model in studies with HWE (P Egger = 0.037), and TG+GG vs. TT model in studies with sample size less than 500 participants (P Egger = 0.037). A sensitivity test was done by removing a study at a time.
The results indicated that the estimations before and after the elimination of every study were alike, which suggests the outcome of the meta-analysis was stable (data not shown).
In silico analysis
We analyzed the effects of rs268, rs285, rs320, and rs328 polymorphisms on some molecular aspects of LPL such as RNA splicing, RNA stability, and function or structure of the protein by bioinformatics tools. Our data revealed that Asn291Ser substitution located near the ligand binding site of the protein (Figure 4 ) changes the secondary structure of LPL in the Choue-Fasman model. Table 4 . Results of heterogeneity and publication bias in the meta-analysis for rs320 polymorphism Ph, Pheterogeneity (P<0.1 was considered as a significant difference). Pe, Pegger (P<0.05 was considered as a significant difference). HWE: Hardy-Weinberg equilibrium
As illustrated in Figure 4 , the secondary structures of LPL for 291Asn and 291Ser phenotypes are the coil and extended β-strand, respectively. Whereas, Ser447Ter polymorphism is located at the C-terminal of LPL and it changes the secondary structure of the protein in the GOR method ( Figure 4) . Also, Asn291Ser but not Ser447Ter substitution changes the hydrophobicity and average flexibility of the LPL protein. After Asn291Ser substitution, the hydrophobicity and average flexibility of protein change in residues 314 to 322 ( Figure 5) . Also, the SNAP web server predicted Asn291Ser as a damaging substitution (prediction: non-neutral; score: 19; expected accuracy: 59%).
In silico analysis of PvuII (rs285) and HindIII (rs320), polymorphisms showed that these mutations do not change the splicing pattern of LPL hnRNA. The NetGene2 data showed that there are no changes in donor and acceptor splice sites for either direct strand (+ strand) or complement strand (-strand) after rs285 and rs320 polymorphisms ( Figure S1 ). Finally, we analyzed the impact of the two aforementioned SNPs on the RNA stability. The data from the RNAsnp software revealed that rs320 substitution has a significant effect on the structure of precursor RNA (distance: 0.2264, P-value: 0.0534; P<0.2 is a significant structural change). However, rs285 has no significant effect on the structure and stability of hnRNA (distance: 0.0657, P-value: 0.3495) ( Figure 6 ).
Discussion
Currently, stroke is a major clinical problem worldwide with high disability and mortality rates (27) . Despite therapeutic improvement, prevention is an effective and economical strategy against stroke complication. Therefore, recognition of risk factors is very important. Several genetic factors are involved in the susceptibility to stroke (28, 29) . Polymorphism of genes involved in lipid metabolism could be considered as a possible risk factor for stroke (30, 31) . In this study, the association of rs285 and rs320 polymorphisms in the lipoprotein lipase gene with stroke risk was evaluated by meta-analysis. Our study revealed that LPL-HindIII is a protective factor against stroke risk in all of the five genetic models (P<0.05). Also, after stratification, we observed the same results for hemorrhagic and ischemic subtypes. The control groups in the studies of Xing et al. and Zhang et al. deviated from the Hardy-Weinberg principle (10, 24) . But, exclusion of these two studies did not change the results of the meta-analysis. When the association analysis in studies with sample sizes less and more than 500 participants was performed, we observed the same significant protective association between LPL-HindIII and stroke risk. Regarding LPLPvuII polymorphism, we also observed a protective effect against the stroke risk. All of the included studies in the meta-analysis were from Asian populations of which four belonged to the Chinese population. LPL is an important enzyme in lipoprotein metabolism, which hydrolyzes triglycerides in the core of high-fat lipoproteins such as chylomicron and VLDL. This enzyme is a 55-kDa transported to vascular lumen by glycosylphosphatidylinositol-anchored high-density lipoprotein-binding protein1 (GPIHBP1) and attached to the surface of vascular endothelium lumen by membrane heparin sulfate binding (32, 33) . LPL activity is important for regulation of plasma triglyceride levels and supplies fatty acids for consumption in the heart and liver or storage in adipose tissue. Any deficiency in LPL activity leads to lipid metabolism defects such as hyperlipidemia and atherosclerosis, which are the main risk factors for myocardial infarction and stroke (1) . Therefore, any variations in the protein and RNA sequence of LPL may change the enzyme activity and subsequent stroke susceptibility. SNPs could alter the gene expression, RNA structure, and protein function depending on their locations (34) (35) (36) . Our previous studies revealed that in silico analysis is a useful approach to detect the effects of SNPs on RNA and protein structure (37) (38) (39) (40) .
In this study also the effect of common polymorphisms (rs268, rs285, rs320, and rs328) on the molecular aspects of LPL has been investigated by in silico analysis. Our data revealed that rs285 and rs320 as intronic SNPs have no effect on splicing pattern of LPL, but rs320 has a significant impact on precursor RNA and it may be a source of the protective effect of rs320 in stroke susceptibility. Moreover, bioinformatics analysis showed rs268 and rs328 have a significant influence on the structure of the protein and this result could interpret the meta-analysis results of a previous study (11) .
The main limitation of this study is the restriction of included studies to Asian populations especially Chinese. Also, lack of access to original data such as familial history for stroke could affect the calculation of association between aforementioned SNPs and stroke risk.
Conclusion
This meta-analysis suggests that the LPL-HindIII and LPL-PvuII polymorphisms may alter the risk of stroke. But studies with larger sample sizes and different ethnicity are required to support these results. Also, studies with evaluation of gene-gene and geneenvironment interactions are essential to achieving more accurate results.
